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SYNOPSIS: The authors directed selection and control of two large-scale dynamic compaction 
projects on largely cohesionless soils in Bangladesh and Spain. Both projects included 
intensive in-situ quality control testing. The findings of the control work is discussed. 
Based on this work and comparison with published data guidelines for estimating the effec-
tiveness of dynamic compaction are presented. 
INTRODUCTION 
In 1970 a French engineer, Louis Menard, 
introduced a process he called "dynamic 
consolidation" for improvement of soils for 
engineering purposes. Also known as "heavy 
tamping," "pounding, n and "dynamic compaction, n 
Menard's technique has quickly gained acceptance 
as a cost effective, time-saving means of 
improving soils. As the effect of the Menard 
technique on soils is more like compaction than 
consolidation, it is generally referred to as 
"dynamic compaction." 
The process of dynamic compaction involves 
repeated dropping a heavy weight from great 
height across the soil surface, resulting in 
high energy impacts that compact the underlying 
soils. However, despite numerous successful 
applications of dynamic compaction, there are no 
established means to predict and measure its 
effectiveness for various projects. Performance 
claims and counter-claims by contractors and 
engineers further complicate the application of 
dynamic compaction. 
The authors directed selection and control of 
dynamic compaction at two of its larger 
applications undertaken to date: stabilization 
of a 40-acre site for a $400 million ammonia/ 
urea plant on alluvial and hydraulic fill soils 
in central Bangladesh; and densification of a 
30-acre site for a $240 million automobile parts 
plant on estuarine and fill soils in south-
western Spain. These projects involved work 
with a variety of soil types. This article will 
present the results of these experiences and 
offer recommendations for achieving soil 
improvement by dynamic compaction. 
THE PROCESS OF DYNAMIC COMPACTION 
As has been noted, dynamic compaction is a 
fundamentally simple process: it involves 
repeated drops of a heavy weight from great 
height in a regular pattern across a site. The 
technique is principally applied to granular 
soils, improving strength by densification. It 
has also been used to preconsolidate highly 
organic soils as well as various types of refuse 
and some clays. In saturated granular soils, 
the impact of the pounder generates high pore 
1259 
water pressures that then decay at rates 
dependent upon the soils' permeability and 
hydraulic gradient. Densi;Eication is achieved 
by partial liquefaction coupled with shear 
strain from the pounding. 
If complete liquefaction occurs due to excessive 
pcre pressures, the craters formed by the high 
energ.y impacts will deepen, but no further 
sigp,:lf icant compaction will occur, due to soil 
heave. Hence, it is necessary that the succes-
sive pounding be staged such that excess pore 
pressures generated by the previous pounding 
have essentially dissipated prior to onset of 
the succeeding pounding. 
Conventionally, compaction is not accomplished 
in a single pass across a site, but rather in 
multiple passes across an established pattern, 
with each pass spaced several days apart. This 
pattern is varied to meet the required depth and 
degree of improvement. For purposes of this 
discussion, these terms will be defined as 
follows: 
A "drop" describes a single lifting and 
dropping of the weight. 
A "print" is the grid location of the drop 
point. Commonly 10 to 45 drops are made at 
a single print location, creating a 
conical-shaped crater. 
A "pass" denotes coverage of an area by 
completing a pattern of prints over the 
area. 
The "energy" imparted to the soil is the 
average theoretical kinetic energy, equal 
to the potential energy of the weight (or 
pounder) times the number of drops per 
print area. For example, 18 tonnes dropped 
from 25 meters, 40 times per print on a 
10-meter by 10-meter grid spacing imparts a 
densification energy of 
(18 tonnes x 25 meters x 40 drops) 
(10 meters x 10 meters} 
180 ton-meters per square meter. 
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PROJECT DESCRIPTIONS 
Fertilizer Plant Site in Ashuganj, Bangladesh 
Hydraulic filling of a 40-acre site for a 
1600-metric ton per day ammonia/urea fertilizer 
plant and associated personnel housing was 
undertaken in mid-1975. Five to eight meters of 
fine sand were dredged from the adjacent Meghna 
River to build what is in effect an "island" 
site in the floodplain of that river. The 
naturally occurring soils at the site were 
typically well-sorted, silty fine sands. 
However, fine-grained soils (that is, silts and 
clayey silts) were encountered. Figure 1 
presents a generalized profile of the soils 
encountered at the Ashuganj site. 
Soil Gr11ph 
BANGLADESH SITE: 
GENERALIZED SUBSURFACE PROFILE 
FIGURE I 
Subsurface investigations and analyses under-
taken nearly a year after the filling raised 
concerns regarding foundations support, includ-
ing the compressibility of the soils beneath 
settlement-sensitive process structures and the 
high potential for loss of soil strength during 
earthquake shaking. 
Dynamic compaction was selected from various 
soil stabilization and deep foundation alterna-
tives as a cost effective means of both dimin-
ishing settlements of shallow foundations and 
mitigating liquefaction potential. A dynamic 
compaction program was established based on 
these soil improvement requirements: areas of 
very heavy, settlement-sensitive process struc-
tures were designated for soil improvement to 20 
meters depth, while areas of lesser load and 
process significance were to be improved to 10 
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meters depth. The dynamic compaction/shallow 
foundation scheme was deemed to be more reliable 
and estimated to cost some $3 million (1978 
dollars) less than vibroflotation and $5 million 
(1978 dollars) less than piling, as well as 
requiring some six months less to complete. 
Automobile Plant Site in Cadiz, Spain 
As part of an ambitious program to extend its 
international operations, General Motors began 
construction of four automobile plants in Spain. 
The plants, a body plant near Bilbao (northern 
Spain) , an assembly plant near Zaragossa 
(central Spain) , and twin parts plants near 
Cadiz (southern Spain) , began construction in 
1980-81. 
When the foundation investigation for the 
30-acre Cadiz site was performed in late 1979, 
it was determined that the strict criteria for 
settlement control could not be met without 
either soil improvement or deep foundations. 
Most significantly, machinery requirements 
dictated that post-construction angular distor-
tion due to differential settlement be virtually 
eliminated. As incompressible soils occurred 
below a depth of about 10 meters, it was intend-
ed that dynamic compaction effect improvement to 
that depth and the plant be constructed on 
shallow foundations. 
Figure 2 presents a generalized description of 
the soils at the Cadiz site. As may be seen, 
the soils consist primarily of sands, silty 




Sol I Gr••• 
SPAIN SITE 
GENERALIZED SUBSURFACE PROFILE 
FIGURE 2 
The dynamic compaction/shallow foundation scheme 
used at the cadiz site was estimated to cost $10 
million less and to require three months less 
time than a piling scheme (18,000 piles, eac~ 15 
meters long) which was considered as the first 
foundation alternative. 
DENSIFICATION PROGRAMS 
Densification at the Bangladesh and Spain sites 
proceeded similarly. Initially the contractor 
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(in both cases, Techniques Louis Menard of 
Paris) selected weights and drop heights design-
ed to achieve the desired improvements. In 
Bangladesh and Spain the areas of 10 meters 
densification were improved by 15-to 18-metric 
ton weights dropped by tracked cranes from 
heights of 25 to 28' meters. The Bangladesh site 
was compacted to a depth of 20 meters and 
pounded by a 40-metric ton weight dropped 25 
meters in free fall from a specially designed 
tripod. 
The number of drops per print was determined in 
a controlled trial at the outset of compaction, 
wherein a weight was dropped at one location and 
continuing improvement of print volume was 
recorded and assessed. Soil displacement 
diminishes with increasing blows to the soil. 
Grid spacing was varied with successive passes 
over the site. Initial passes were rather 
widely spaced in an attem!?t to effect deeper 
compaction, while success~ve passes narrowed 
that spacing. Figure 3 presents the print 
spacing used for successive passes of areal 
compaction to 10 meters depth. 
Levend: 
e Print JocatiOf'l for '"' I 
8 Print loc-ation for pon 2 




PRINT PATTERNS USED IN SPAIN, 
COMPACTION TO 10 METERS DEPTH, 
FIGURE 3 
Heavy tamping, achieved with these 15- and 
40-metric ton weights, tends to loosen the upper 
one to two meters of soil due to heave around 
the print crater and regrading of the surface 
between passes. Consequently, a last pass is 
designed to recompact this upper, loosened zone. 
The last pass also serves to provide more 
uniform density in the near-surface region. 
This recompaction is often called the "ironing" 
pass. At the Spain site, it was accomplished by 
dropping the weights from 10 to 25 meters 
height, one to two drops per print at contiguous 
prints to provide complete coverage. TABLE 
FIELD CONTROL 
At both the Bangladesh and Spain sites, control 
testing was undertaken using the following 
techniques: 
Ground-surface settlement, or subsidence, 
induced by the compaction was evaluated to 
assess densification. 
In situ testing was used to evaluate the 
general soil strengths. Static cone 
penetrometer (CPT) , standard penetrates 
(SPT) , and Menard pressuremeter (MPT) 
testing were undertaken before, during and 
following compaction. 
The rise and decay of pore water pressures 
were monitored with standpipe-type piezome-
ters and pore pressure cells. 
Ground instrumentation was also used to 
monitor the increase in horizontal effec-
tive stress, as a measure of densification 
and an ovei~consolidation effect due to 
pounding. 
I 
At both sites control testing was intensive. It 
is estimated that the cost of such control 
represented about 10 percent of the total 
compaction costs • 
RESULTS OF COMPACTION 
Comparison of careful pre-compaction soils 
testing with testing completed during and after 
compaction gives an indication of the degree of 
improvement achieved by the pounding as well as 
indications of "thresholds" of improvement, 
beyond which further energy input has little 
measurable effect in improving soil problems. 
Table 1 summarizes the pertinent control data. 
Bangladesh Site 
Figure 4 presents a summary of soil improvement 
to the intended 20 meters depth, measured in 
terms of average cone penetration resistance. 
As shown in this figure, no considerable im-
provement was achieved beyond a depth of about 
16 meters, using a 40-metric ton weight dropped 
from 25 meters height and a total applied energy 
of 350 to 450 ton-meters per square meter. For 
these projects, "improvement" was considered to 
be a 10 percent or greater increase in in situ 
measured parameters of cone penetration point 
resistance, or the Menard pressuremeter pressure 
limit. However, pounding ofte·n effected spec-
tacular improvement in the upper 10 meters, 
particularly in the hydraulic fill. 
SUMMARY OF COMPACTION CONTROL DATA 
lnten chll Dt,tlll 
of 1 .. ,,,.,..,. .. ,, A,plltd Impact !urn 
lltt (Meters) (fOI'l!mthrs) 
8entlod .. tt 10 42.0 
lontlodeera zo 11000 




Nw111b1r App Ut4 !"trty Teat Rult'tfftCI 
of (tor~·l'llthrt (•lloeralllt pt:r 
'assn ptr tq1o1on rlltt td tq~o~or~ c..._tl mehr) 
4-1 soo-4oo zeo 
5 ... 350·400 350 
3-5 200·4 00 170 
1261 
Effectln 






First International Conference on Case Histories in Geotechnical Engineering 
Missouri University of Science and Technology 
http://ICCHGE1984-2013.mst.edu
0 100 zoo 
Cant PenttnrtioR Resit1anct 
hilo,rolllt ,,,. sq11e1re cuti• eter) 
Rant• of post-comnction CPT ••'"'' 
• -- Mean 't'Giu .. of predentificatlon CPT vah11t 
••• •• • Ill taft woho1 .. of pott•dtn~~ification CPT •al11et 
300 
BANGLADESH SITE: SUMMARY OF SOIL IMPROVEMENT, 
COMPACTION TO 20 METERS DEPTH 
FIGURE 4 
Within the upper silts (that is, the soils at 
five to seven meters depth), improvement 'Vlas 
measured both as an increase in pressure limit 
and minimum measured cone penetration resistance 
and a reduction in the apparent thickness of 
this often plastic soil. Figure 5 presents a 
demonstration of the impact of the 40-metric ton 
pounder on the upper silts, indicating a re-
duction in the apparent thickness of the co-
hesive layer and some increase in minimum 
measured values of cone penetration resistance. 
Within the zones of 10 meters intended improve-
ment, compaction was generally achieved per 
plan. Figure 6 presents results of improvement 
measured by static cone penetration. It is 
significant to note that the lighter impact 
energy of the 15-rnetric ton weight falling 28 
meters had little effect in improving minimum 
measured values of static cone penetration 
resistance in the somewhat cohesive upper silts, 
though some reduction in the apparent thickness 
of the strata was observed. Also note in the 
example shown in Figure 6 that more than 
trebling the applied energy at that location did 
'ittle to affect the depth of improvement, but 
ather only increased values of maximum cone 
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EFFECT OF HEAVY DYNAMIC COMPACTION ON THE 
FINE-GRAINED SOILS AT BANGLADESH SITE 
FIGURE ~ 
Comparison of in situ testing with measurements 
of impact energy, the total applied energy and 
the resultant settlements also provides some 
interesting insight. As shown in Table 1, 
measurements show that the site grade has been 
lowered by 39 to 57 centimeters. It is apparent 
that the induced subsidence is not proportional 
to applied energy nor to the number of passes. 
The greatest settlement occurred in the area to 
be compacted to 20 meters depth where the 
heaviest pounders were used. In this area the 
impact per drop was greater and intended to 
provide greater energy transfer to the lower 
regions with consequent deeper seated compac-
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SOIL IMPROVEMENT: COMPACTION TO 10 METERS DEPTH 
AT BANGLADESH SITE 
FIGURE 6 
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in 20-meter zones than in the 10-meter compac-
tion zones, indicating that the heavier impact 
per drop is more effective in compaction at 
depth. Comparison of the enforced settlements 
with the effective depth of compaction shows 
volume changes of about four percent in both the 
20-meter zones and the 10-meter zones. 
Spain Site 
The compaction experience in Spain was similar 
to that in Bangladesh. Figure 7 presents 
typical pre-and post-compaction soundings at the 
Cadiz site, indicating, as in Bangladesh, the 
greatest improvement was achieved in sands and 
silty sands. No considerable improvement in 
pressure limit or cone resistance was measured 
in the clayey zone at 9 meters depth. Again, 
some reduction in the apparent thickness of the 
fine-grained soil strata was observed and 
attributed to densification of sand around the 
clayey strata. Overall, improvement in the soil 
profile was observed to depths of 10 to 11 
meters. 
Comparison of in situ testing with measurements 
of impact energy, total applied energy and 
enforced settlements shows results similar to 
the Bangladesh case for these somewhat similar 
soils. Impact energy is certainly a criterion 
in achieving densification at depth, while 
application -of the unit total applied energy 
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AT SPAIN SITE 
FIGURE 7 
COMPARISON OF RESULTS WITH PUBLISHED DATA 
As has been discussed, the experiences in 
Bangladesh and Spain in somewhat similar soils 
(typically normally consolidated, fine-grained 
cohesionless soils with some silts and clays) 
produced similar results. As a guide for future 
compaction projects, it is worth comparing these 
findings with published data. 
Menard (1975) originally estimated the effective 
depth of densification as a function, of impact 




D depth of influence, in meters. 
W falling weight, in metric tons. 
h height of drop, in meters. 
Leonards (1980) compared the findings of a 
compaction project undertaken in Indianapolis, 
Indiana along with the findings of other dynamic 
compaction projects. Figure 8 presents a 
summary of these cases and those in Bangladesh 
and Spain, showing that the effective depth of 
compaction may be expressed as: 
D :=< 1/2..,/Wh 
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DEPTH OF EFFECTIVE COMPACTION VERSUS IMPACT ENERGY 
FIGURE 8 
As has been noted, this relationship is sensi-
tive to soil type. It seems reasonable to 
assume that while the Bangladesh data well fit 
Equation 2, the presence of the soft upper silt 
layer may have absorbed compaction energy which 
would have achieved greater densification at 
depth. 
The degree of compaction achievable, as measured 
by peak values of soil strength parameters such 
as cone penetration resistance, seems related to 
the total applied energy. Figure 9 presents a 
summary of project data developed by Leo nards. 
Comparing this information with that obtained in 
Bangladesh and Spain, it appears that for a wide 
range of compaction effort, the degree of 
improvement is reasonably predictable. It 
appears from Figure 9 that an upper limit of 
achievable densification, as measured by the 
static cone penetrometer, is about 400 kilograms 
per square centimeter. 
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FIGURE '3 
CONCLUSIONS 
This article has attempted to describe the 
measured success of in situ improvement of soils 
by dynamic compaction. The discussion herein is 
by no means a description of all aspects of 
dynamic compaction, but hopefully will serve as 
a guide to the reader for use on future 
projects. 
Significant findings in the Bangladesh and Spain 
projects, as well as comparison of the data with 
published data, indicate: 
The depth of effective compaction appears 
directly related to impact energy (that is, 
a function of the weight of the hammer and 
the height of fall) . The relationship 
proposed by Leonards (1980) appears to be a 
reasonable first estimate for compaction 
projects: 
(2) 
Both the Bangladesh and Spain projects were 
completed largely on fine-grained, normally 
consolidated silty sands, with lenses and 
layers of silts and clays. Shortening at 
the soil column effected by compaction was 
on the order of four percent and might be 
considered in future estimates of ground 
loss due to compaction of sands. 
The degree of compaction achievable appears 
to be a function of impact energy and the 
total applied energy. As shown in Figure 
9, project data collected to date suggest a 
reasonably predictable degree of compaction 
up to about 300 kilograms per square 
centimeter. A measured static cone pene-
tration resistance of about 400 kilograms 
per square centimeter may represent a limit 
of practically achievable densification. 
These values are achieved within a few 
meters of the ground surface in cohe-
sionless soils. 
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The ability of dynamic compaction to 
improve clayey soils has been postulated by 
others (Ramaswamy, et al (1979)). In 
Bangladesh, the fine-grained upper silt 
zone showed some improvement in soils of 
low plasticity. In Spain where the cohe-
sive soils were more clayey, little or no 
improvement was measured in this zone by 
any of the in situ testing techniques used. 
The authors consider that cohesive soils 
with a plasticity index greater than about 
15 cannot be improved by dynamic compaction 
without the use of supporting techniques 
such as preloads and drains. 
Despite the lack of demonstrated success 
with improvement of plastic soils, dynamic 
compaction was successful at improving 
sandy and clayey silts, about halving 
compressibility. 
For the cases studied for this article, 
dynamic compaction was clearly more cost 
and time effective than alternative in situ 
soil stabilization techniques, as well as 
deep piling alternatives. 
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